
8 

RESEARCH MEMORANDUM-- 

EXPERXMENTAL STATIC AERODYNAMIC FORCES 

AND MOM.ENTS AT HIGH SUBSONIC SPEEDS ON A MISSILE MODEL 

DURING SIMULATED LAUNCHING FROM UNSWEPT-, SWEPTBACK-, 

AND MODIFIED-DELTA-WING--FUSELAGE COMBSNATIONS 

AT ZERO SIDESLIP 

BY William J. Alford, Jr., and Thomas J. King, or. 

Langley Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
March 19, 1957 

.._ 

. 

, 

. 



. NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

-- . RESEARCHMEMORANDUM 

EXPERIMEMTAL STATIC AERODYNAMIC FORCES 

ANDMCMENTSATHIGHSDBSONIC SFEEDS ONAMISSILE MODEL 

DURINGSIMULATED LAUNCHINGFROMUNSWEBT-, SWEFTE&CK-, 

AND M3DIFIED-DELTA-WING--GE COMBINATIONS 

AT ZERO SIDESLIP 

By William J. Alford, Jr., and Thomas J. King, Jr. 

1, 

An investigation was made at high subsonic speeds inthe Langley 
high-speed 7- by lo-foot tunnel to determine the static aerodynsmic 
forces and moments on a misstie model during simulated launching from 
the midsemispan locations of unswept- and sweptback-wing-fuselage com- 
binations and from the midsemispan and one-quarter semispan locations 

wr I 
of a modified-delta-wing-fuselage combination (including tests with the 
wing removed). The results Indicated that variation in the missile 
longitudinal location -produced significant effects upon the missile 
aerodynamic characteristics for each of the airplane wing plan forms 
investigated, as evidenced by large gradients in the various forces and 
moments. Increasing the angle of attack caused increases in the abso- 
lute magnitudes of the missile forces and moments relative to those of 
the isolated missile. Increasing the Mach number had little effect on 
the variations with angle of attack of the missile force and moment char- 
acterfstics except that nonlinearities were incurred at smaller angles 
of attack for the higher Mach numbers. The flow disturbance effects, 
due to airplane finite wing thickness, on the missile characteristics 
increased with increasing Mach number. The prFmary effects of variations 
in airplane wing plan form were most noticeable in the missile yawing- 
moment characteristics in that the sweptback- and modified-delta-wing 
combinations produced considerably larger deviations with variations in 
chordwise distance than did the unswept-wing-fuselage combination. The 
effect of moving the missile from the midsemispan to the one-qusrter 
semispan location was to cause an increase in the severity of the chord- 
wise gradients of the pitching moments and normal forces and to cause a 

* decrease 3n the severity in the chordwise gradients of the 
and side forces. The wing plus wing-fuselage interference 

c' found to be the prime factors in producing the large force E 

yawing moments 
effects were 
and moment 

variations when compared 
- 
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INI!RODUCTIOM 

The National Advisory Committee for Aeronautics is conducting inves- 
tigations to determine the nature and origin of the mutual interference 
experienced by various combinations of wing-fuselage models and etier- 
nally carried missiles. Previous investigations (refs. 1 to 9) have 
shown the existence of these large and generally objectionable- inter- 
ference -effects, and references 1 to 4 have shown that they are prima- 
rily due, at low speeds; to the nonuniform flow field generated by the 
airplane. - 

The manner in which first-order estimations of the static forces 
and moments existing on the missile model can be accomplished, with con- 
sideration for the airplane nonuniform flow fields, havebeen demon- 
strated in references 1 and 2. The ability of potential theory to pre- 
dict the flow characteristics beneath swept and uriswept wings has been 
reported in reference 3. Additional and more extensive low-speed flow- 
field characteristics near swept- and unswept-wing-fuselage combina- 
tions, at zero sideslip, have-been reported in reference 4. The low- 
speed aerodynamic forces and moments existing on a missile model similar 
to the one of the present investigation during s-ted launching, from 
several spanwise and vertical locations of a 45' sweptback-wing-fuselage 
combination have been presented in references 5 and 7. Similar low- 
speed information has been obtained on a canard missile m&e1 and has 
been reported in reference 6. The static forces and moments existing 
on the canard missile at high subsonic speeds during simulated launching 
from the sweptback-wing-fuselage combination of this investigation have 
been presented in reference 8. The high-subsonic-speed force and moment 
characteristics of the missile model and sweptback-wing-fuselage com- 
bination of the present investigation have previously been reported in 
reference 9, where the effects of chordwise position, the effects of the 
pylon, the effects of skewing the missile relative to the wing-fuselage 
combination and the effects of sideslipping the missile with the wing- 
fuselage combination were investigated. The present investigation 
extends the results of reference 9 to include the effects of wing plan 
form for the condition of zero sideslip. 

The purposes of-the present--paper are to present the results of an 
experimental investigation made at high subsonic speeds to determine 
the static aerodynamic forces and moments on a missile model during 
simulated launching from themidsemispan locations of unswept- and 
sweptback-wing-fuselage combinations and from the midsemispan and one- 
quarter semispan locations of a modified-delta-wing-fuselage combina- 
tion (including tests with the wing removed), and to present a qualita- 
tive analysis of the missile force and moment characteristics as affected 
by chordwise position, spanwise position, and airplane wing plan form. P 
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The data for the missile model in the presence of the sweptback- 
wing-fuselage combination have been reported previously in reference 9 
and are repeated in the present paper for comparative purposes. 

SYMBOLS 

The directions of positive angles, forces, and moments for the body- 
axes system employed are presented in figure 1. 

CN 

'rn 

.- cl 

CL,A 

9 

v 

%l 

SA 

bm 

b 

C 

missile normal-force coefficient, Norma1 force 
an 

missile pitching-moment coefficient, pitching moment 
SsmEm 

missile side-force coefficient, Side force 
en 

missile yawing-moment coefficient, yawing moment 
qsmbm 

missile rolling-moment coefficient, Rolling moment 

qSmbm 

Lift airplane wing-fuselage lift coefficient, - 
qSA 

free-stream dynamic pressure, lb/sq f-t 

free-stream velocity, ft/sec 

exposed missile wing area of two panels, 0.0167 sq ft 

included wing area, 2.16, 2.x), and 2.25 sq ft for unswept, 
modified-delta, and sweptback wings, respectively 

SP~I-L of missile wings, 0.256 ft 

span of airplane wing, ft 

local wing chord of airplane model, ft 
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cP 

%lS,X 

X 

Y 

Z 

26 

P 

a 

aA 

M 

mean aerodflsmic chord of exposed missile wing, O.ll& ft 

mean aerodyllamic chord of airplane wing, 0.90, 1.02, and 
0.82 f-t for unsweptj modified-delta, and sweptback wings, 
respectively 

chord of pylon, in. 

maximum dismeter of missile fuselage, 0.058 ft 

chordwise distance from leading edge of local wing chord to 
missile center of-gravity (positive rearward), ft 

spanwise distance from fuselage center line to missile center 
line (positive to right), ft 

vertical distance from wing-chord plane to missile center 
line (positive up), ft 

unsupported length of missile sting, ft 

missile skew angle relative to fuselage centerline, deg 

missile angle of attack relative to free-stream direction, 
deg 

airplane angle of attack relative to free-stream direction, 
deg 

- 

Mach number 

MODELS AND APPARATUS 

The three airplane wing-fuselage mod&.-used-as the test vehicles 
are shown in figure 2 and include unswept, sweptback, and modified-delta 
plan forms. The unsweptwing had 6.30 sweepback of the quarter-chord 
line, an aspectratio of 3.0, a taper ratio of 0.5; and NACA 65iAOO&-air- 
foil sections parallel to the free-stream direction. The sweptback wing 
had a quarter-chord sweepback of 45O, an aspect rat30 of 4.0, a taper 
ratio of 0.3, and NACA 65~006 airfoil sections parallel to the free- 
stream direction. 
of 36.g0, 

The modified-delta wing had a quarter-chord sweepback 
an aspect ratio of3.0, a taper ratio of 0.14,'and NACA 65ACKl6 

airfoil sections parallel tithe free-strea3n direction. The fuselage A 
(with ordinates given in table I) consisted of an ogival nose section, c 
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a cylindrical center section, and a truncated tail cone. The missile 
model used in this investigation employed an inline cruciform arrange- 
ment of its wing and tail, a fuselage that consisted of an ogival nose, 
and a cylindrical aftersection and is shown in figures 3 and 4 as a part 
of a typical test setup. Details of the missile model are shown in 
figure 5. The pylons used in this investigation had an elliptic nose 
section, a flat center section, and a straight tapered trailing edge. 
The ordinates of the pylons are given in table II. The vertical lengths 
of the pylons used with the various airplane-missile combinations were 
determined from the missile vertical locations (assumed,from missile- 
ground clearance considerations) with allowances for a no-load gap between 
the pylon and the missile fuselage and also between the missile wing tip 
and the lower surface of the airplane wing. This gap, capa?Ge of accom- 
modating the maximum deflection to be encountered in the vertical plane 
due to missile-stFng flexibility, was 0.12dmax of the missile fuse- 
lage and was constant for all airplane wing plan forms and spanwise loca- 
tions investigated. A list of the pylon vertical lengths and missile 
vertical locations in percent of the mean aerodynamic chords of the var- 
ious airplane wing plan forms is presented in the following table: 

Airplane 
wing-fuselage 

combination 

Unswept -0.50 

Sweptback -.50 

Modified delte -.50 

Modified delte ~ -.25 

Spanwise 
location, 

Pylon vertical length Missile vertical 
from maximum-thitiess location from 

locat$on of airplsne wing airplane wing-chord 
lower surface, percent plane, percent mean 
mean aerodynamic chord aerodynamic chord 

6.9 

7.5 

6.2 

6.0 

12.8 

14.7 

11.8 

13.3 

The leading edge of the pylon was located I2 percent of the local wing 
chord behind the leadtig edge of the local wing chord for all wing plan 
forms and spanwise locations. 

The missile was internally instrumented with a five-component strain- 
gage balance and was-supported from the rear by a sting that could be 
translated in the longitudinal and lateral planes (figs. 3 and 4). The 
missile suppo~rt sting also incorporated a skew-angle pivot support 
h3. 3). 
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TESTS 

The tests were made in the Langley high-speed 7- by lo-foot tunnel 
at &ch numbers of 0.60, 0.80, 0.93, and O.g&-with the corresponding 
Reynolds number varying from 3.3 x 106 to 3.8 x 106 per foot-of a typi- 
cal dimension. The variation of average Reynolds number with test Mach 
number is presented in figure 6. The angle-of=attack range generally 
extended at M = 0.60 from -2O to ISO, although at the higher Mach num- 
bers the angle range was restricted by the load limit of the strain- 
gage balance and therefore varied with the loadings measured for each 
location of the missile. The tests were made at zero sideslip with the 
missile model located under the left wing of the air-plane wing-fuselage- 
pylon cortibinations. 

CORRRCTIOMS AND ACCURACY 

Blocking corrections applied to Mach number and dynamic pressure 
were determined.by the method of reference 10. Jet-boundary correc- 
tions applied to the.angle of attaG& were calculates by the method of -.- 
reference Il. 

Corrections have been applied to the missile angle of attack to 
account for the deflection of both the mati stingused to support the 
airplane-missile combinations (fig. 4) and the missile support sting 
and balance combination (fig. 3). The variation of the corrected air- 
plane model angle of attack due to the main sting under load and due 
to jet-boundary considerations is presented in figure 7 and the varia- 
tions in missile angle of attack due to the deflection of the missile 
sting and balance combination are presented Fn figure 8. A list 5-e _. 
presented in table III of.the missile sting lengths-for the various 
missile longitudinal locations associated tith the three airplane wing- 
fuselage combinations. In order to keep the unsupported missile sting 
lengths to a minimum, the missile sting was clsmped to the pylon for 
positions where the missile model was ahead of the pylon leading edge. 
The maximum angle of incidence existing between the missile model and 
the airplane model due to the deflection of the mUsUe. sting-and bal-. 
ante combination was of the order of 1.90 for the various models and 
posftions investigated. The magnitude of.the a;ngle%f incidence may be 
determined for any missile att$tude and location invest&ted from the 
data presented in figure 8 and table III along with the force and moment 
data of the missile model. No corrections have.beexi.applied to the 

_ missile lateral angle, or the vertical and lateral locations because of 
the deflections of the missile sting and balance. A.calibration of 
these deflections has been made and the results are presented in figure 8. 
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A study of the strain-gage-balance calibrations and general repeat- 
ability of 'the test data indicated that the accuracy levels of the var- 
ious force and moment coefficients are approximately as follows: 

CN ............................... k0.05 

; 
............................... kO.05 
............................... kO.05 

c, ............................... +0.05 l 

cz....................;....:.. .... W.01 

RESULTS AND DISCUSSION 

Presentation of Results 

When the force and moment characteristics of the missile model are 
analyzed, it should be kept in mind that the missile was located beneath 
the left wing of the wing-fuselage-pylon combinations and that the posi- 
tive directions of angles, forces, and moments are as shown in figure 1. 

The experimental results of this investigation are presented as 
listed in the following table: 

Airplane wing-fuselage 
combination I 

b Prime 
yz variable Figure 

Isolated missile . . . . . . . . . --------------- a 9 
Unswept . . . . . . . . . . . . . -0.50 a 10 
Sweptback . . . . . . . . . . . . -0.50 a 11 
Modified delta . . . . . . . . . . -0.50 a 12 
Modified delta . . . . . . . . . . -0.25 a 13 
Fuselage alone . . . . . . . . . . -0.50* a 14 
Fuselage alone . . . . . . . . . . x1.25* a 15 
Unswept . . . . . . . . . . . . . -0.50 x/c 16 
Sweptback . . . . . . . . . . . . -0.50 x/c 17 
Modified delta . . . . . . . . . . -0.50 x/c 18 
Effects of wing plan form . . . . -0.w x/c 19 
Effect of.spanwlse posittin . . . -0.50 and -0.25 x/c 20 
Comparison of fuselage and air- 

plane wing-fuselage effects . . -0.50 and -0.25 x/c 21 and 22 
Lift characteristics of airplane 

wing-fuselage combinations . . . --------------- a 23 

*Indicates lateral distances based on modified-delta-wing plan form. 
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Although breakdown tests of the isolated missile were not obtained 
in the present investigation, this information has been presented in 
reference J-2. 

Isolated Missile Characteristics 

The results.of tare tests--made in the clear tunnel (airplane wing- 
fuselage-pylon combinations removed) to evaluate the interference effects 
of the lateral sting support (fig. 3) upon the isolated missile aerody- 
namic characteristics indicated thatthese interferences were negligible 
even for the most rearward location of the missile tivestigated (corre- 
sponding to x/c = 0.50 of the sweptback-wing-fuselage combination). 

A support used to restrain the skew,angle pivot incorporated in the 
missile sting (fig. 1) is seen from figure 9 to have little effect on 
the missile normal force and pitching moments except at the higher Mach 
numbers where some nonlinearity is incurred in the slopes of the pitching- 
moment curves through zero angle of attack. The effects of the support 
on the remaining force and moment components were negligible. 

Effect-of Varying Chordwise Position 

In general, variation of missile chordwise position relative to the 
airplane wing produced pronounced effects upon the missile aerodynamic 
characteristics, these effects being evidenced by large gradients in the 
missile forces and momenta. (see figs. 16 to 22.) 

- 

1 

., 

These large gradients are induced on.the-missile because of.the non- 
uniform flow field generated primarily by the tings of the airplane wing- 
fuselage-pylon combinations. The variations of the missile forces and 
moments with longit-crdinal position can be explained qualitatively by a 
consideration of the airplane wing-fuselage flow fields similar to those 
reported in references 1 to 4. For instance, when the missile center of 
gravity is located re&rward of the leading edge of the local wing chord. 
(figs. 16, 17, and 18) at positive angles of attack, the missile wings 
are operating in regions of downflow. The missile tail, however, is in 
a region of slightly higher total angularity (that is, less downflow). 
The net result is a decreased normal force and a nose-down pitching 
moment relative to the isolated missile characteristics (fig. 9). As 
the missile is moved forward, its wings move into regions of upflow 
(ahead of the leading edge of the local wing chord) and its tail moves 
into regions. of increased downflow (immediately rearward of the leading 
edge of the local wing chord (refs. 3 and 4)); this condition results 
in an increased normal force and a nose-up p-itching moment.- Movement 
of the missile farther forward causes the -wings to operate in regions 
of decreasing disturbances and the tail to operate in the regions of 

. 
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upflow; thus, the normal force approaches its free-stream level and the 
pitching moment decreases its nose-up tendency. With sufficient increases 
in chordwise distance, the effects of the wing-fuselage flow fields 
diminish and the missile forces and moments tend to their free-stream 
levels. 

A similar analysis can be effected for the missile lateral forces 
and moments. References 3 and 4 indicate that large local sidewash or 
sideslip angularities are generated beneath the wings of the wing- 
fuselage combinations, even at an angle of sideslip of O". The maximum 
values of these local sideslip angles occur near the leading edge of 
the local wing chord and are in an outboard direction (toward the wing 
tip) for positive angles of attack; thus, negative side forces are 
induced (forces directed toward left wing tip). The missile yawing 
moments in the presence of the sweptback- and modified-delta-wing air- 
planes are at first (for the more rearward center-of-gravity locations) 
nose outboard when the missile w-6 are in the higher angular regions 
and then nose inboard when the missile tail enters the maximum sidewash 
region. (See figs. 17 and 18.) The missile yawing moments are positive 
over the complete chordwise range when in the presence of the unswept- 
wing airplane, the largest vsriations occurring for positions tiedlately 
ahead of the leading edge of the local wing chord (fig. 16). 

Effects of Angle of Attack and Mach Number 

In general, the effects of increasing the angle of attack were to 
cause substantial changes in the missile forces and moments (figs. 10 
to 18) relative to the isolated missile (fig. 9). These changes can be 
explained (from refs. 1 to 4) by the increases in airplane wing-fuselage 
circulation strength which result in increases in downwash and sidewash 
angularity fields in conjunction with a nonuniform but somewhat dimin- 
ished dynamic pressure field. Reducing the angle of.attack to zero did 
not, however, eliminate the flow-field disturbances since the effects 
of wing thickness, 
tions (ref. 3). 

sweep, and taper still generate sizable flow distor- 

Increasing the Mach number (figs. 10 to 22) had, in general, little 
effect on the variations of the missile aerodynamic characteristics with 
angle of attack or chordwise position, except that nonlinearities were 
incurred at smaller angles of attack for the higher Mach numbers. The 
flow-disturbance effects due to finite w&g thickness (for a given air- 
plane wing plan form) increased with increasing Mach number as evidenced 
by the displacement of the missile moment curves at an angle of attack 
of o". This result is in accord with theoretical predictions of the 
effects of Mach number on the flow-field characteristics at zero lift 
presented in reference 3. The theoretical results of reference 3 for 
zero lift might be interpreted as saying that, for a given vertical 
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distance below a wing, the effect of increasing the Mach number (for sub- 
critical speeds) on the flow-field characteristics, and hence on the 
missile forces and moments, is analogous to the conditions where the Mach 
number was held constant and the wing above the missile was appropriately 
thickened and swept back. 

Effect of Airplane Wing Geometric Characteristics 

Inasmuch as a systematic investigation of'the effedts of the wing 
geometric characteristics on the missile aerodynamic characteristics is 
impracticable because of the large number of variables involved, three 
plan forms having approximately the s&me wing areas were selected as 
being representative of configurations likely t-olb-eaf present or future 
interest. These consisted of unswept-, sweptback-, and modified-delta- 
wing-fuselage combinations. 

Examination of figure l~.indicates that-the missile normal and side 
forces, for an angle of attack of O", are not affected to any appreciable 
extent by the variation in the geometric characteristics of the wing. 
The missile pitching moments have, in general, a similar variation with 
chordwise distance for .the various plan forms. The most noticeable 
effect of wing plan form is evident in the missile_~wing moments; at 
an angle of attack of 0", the unswept wing has only a small effect and 
the sweptback and modified-delta wings induced considerable effect 4 
because of their local sweep and taper characteristics (ref. 3). It 
should be noted that the thickness distributions tid sweep and taper . 
characteristics of the wings primarily determine the chordwise variation 
of-the missile pitching and yawing moments (parts (a) and (c) of fig. lg), 
whereas the lift characteristics of the wings appear to magnify or dimin- 
ish these variations (parts (b) and (d) of fig. 1-g). This is also the 
case for.the normal and side forces. The missile~Eollin@;-moment char- 
acteristics are affected in a more random fashion[possibly because of 
the localized influence of the pylon as has been reported in reference 9. 

Effect of Missile Spanwise Location 

A comparison of the missile aerodynamic forces and moments at-the 
midsemispan location of the modified-delta-wing-&selage combination 
with those existing at-the one-quarter semispan location of the same 
configuration is presented in figure 20. Examination of the normal- 
force and pitching-moment data indicates that-an inboard movement of 
the missile causes, in general, larger deviations from the isolated mis- 
sile characteristics and more severe chordwise gradients. For an angle 
of attack of O" (parts (a) and (c) of fig. 20) these deviations are pre- 
sumed t-o be due to the increase ti maximum thickness and chord length of- 
the wing; this increase. distributes the disturbed flow over a longer - 
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length of the missile. As the angle of attack is increased, the devia- 
tions from the isolated missile characteristics and chordwise gradients 
in the normal force and pitching moments become even more severe for 
the inboard location than for the outboard location, because of the 
increased downwash angles which occur as the plane of symmetry is 
approached. 

At an angle of attack of Oo the effect of an inboard movement in 
spanwise location of the missile is to cause a reduction in the severity 
of the chordwise gradients and in the magnitudes of the missile side 
forces and yawing moments. As the angle of attack is increased, the 
missile side force and yawing moments also increase. It should be noted, 
however, that they are considerably lower than for the midsemispan loca- 
tion. This can be explained from simple vortex considerations which 
show that the lift-induced sidewash an@;les approach zero as the plane 
of symmetry is approached. The variation of spanwise position produced 
no important effects on the missile rolling-moment characteristics. 

Comparison of Wing-Fuselage and Fuselage Effects 

on the Missile Forces and Moments 

Comparisons of the missile forces and moments in the presence of 
the modified-delta-wing-fuselage with the missile forces and moments 
in the presence of the fuselage alone for the midsemispan and one-quarter 

- semispan locations are presented in figures 21 and 22, respectively. 

Examination of the comparison presented in figure 21 for the mid- 
semispan location indicates that, when the wing is removed, the missile 
forces and moments differ little from the isolated missile levels. The 
only noticeable effect due to the fuselage occurs in the missile lateral 
characteristics in that some small deviations are evident, presumably 
because of the fuselage thickness, inasmuch as they b-crease with Mach 
number but not with angle of attack. Examination of the missile forces 
and moments for the more inboard lateral location (y/s = -0.25, fig. 22) 
indicates that the fuselage contributes slightly more effect on the mis- 
sile than for the midsemispan location, these effects changing slightly 
with angle of attack. For both spanwise locations it is evident that 
the wing plus wing-fuselage -interference effects are the primary causes 
for the missile deviations relative to the isolated missile character- 
istics. This result is in accord with the flow-field characteristics 
reported in reference 4. 

It should be noted that the effects of removing the wing of the 
airplane wing-fuselage combination would be similar for the other plan 
forms investigated. 
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CONCLUSIONS 

The results of an experimental investigation made at high subsonic 
speed to determine the static aerodynamic forces on a missile model 
during simulated launching from the midsemispan locations ofunswept-, 
sweptback-, and modified-delta-wing-fuselage combinations and from the 
one-quarter semispan location of the modified-delta-wing-fuselage com- 
bination indicate the following conclusions: 

1. Variation in missile longitudinal location produced significant 
effects upon the missile aerodynamic characteristics for each of the 
plan forms investigated, these effectsbeing evidenced by large gradients 
in the various forces and moments. 

2. Increasing the angle of attack caused substantial changes in the 
absolute magnitudes of the missile forces and moments relative to those 
of the isolated missile. Increasing the Mach number had little effec+= 
on the variations with angle of attack of the missile force and moment 
characteristics, except-that nonlinearities were incurred at smaller 
angles of attack for the higher Mach numbers. The flow disturbance 
effects, due to finite wing thickness, on the missile characteristics 
increased with increasing Mach number. 

3. The primary effects of variations in wing geometric character- 
istics were most noticeable in the missile yawing-momentcharacteristics 
in that the sweptback and modified-delta-wing combinations produced con- 
siderably larger deviations with variation in chordwise location than 
did the unswept-wing-fuselage dombination. 

4. The effect of-moving the missile from the midsemispan location 
to the one-quarter semispan.location was to cause &n increase in the 
severity of the chordwise gradients of the pitching moments and normal 
forces and to cause a decrease in the severity in the chordwise- gradients 
of the yawing moments and side forces. 

5. A comparison of the missile aerodynamic characteristics in the 
presence ofthe wing-fuselage combination and in the presence of the 
fuselage alone indicated that the wing plus wing-fuselage interference 
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are the prime factors in producing the large force and moment variations 
when compared with the missile in the free stream. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., January 15, 1957. . 
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TABLE1 

??USELAGE ORDINATES 

Ordinates 

Station, Radius, 
in. in. 

0 
2.00 

:-zz 
8:oo 

10.00 
12.00 
14.00 
16.00 
17.50 
41.27 
43.27 

t;*:; 
48:30 
54.72 

0 
-53 

1.00 
1.44 
1.80 
2.07 
2.30 
2.42 
2.47 
2.50 

22-z 
2135 
2.25 
2.14 
1.65 
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WLE II 

PYLON ORDINATES 

Ordinates 

*Y, 
percent chord 

XY XY *Y, 
percent chord percent chord percent chord 

0 0 0 0 
2.5 2.5 .46 .46 
5-o 5-o 2.00 2.00 

15.0 15.0 
20.0 20.0 ::: ::: 
75.0 75.0 3.00 3-W 

Straighl Straight taker ; taker 
100.0 100.0 I I 0 O 
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TABLE III 

MISSILE STINGLENGTHS 

Unswept (y/s = -0.50) 

Missile 
cekter-of-gravity 

location, x/c 

0.29 
-13 

-.lO 
*-.25 - 
*-.44 

=I:$ 
*-l.ll 

&iEA 

1.44 
1.59 
1.81 

.99 
1.17 
1.30 
1.45 
1.81 

Modified delta y $ = -0.50) 
U 

Modified delta y g = -0.25 
(I > 

Missile Missile 
center-of-gravity @A center-of-gravity- 53/EA 

location, x/c location, x/c 

0.48 1.01 
.27 1.19. 
.lO 1.32 

-.lO 
-.25 ;*:z . 

"-.44 1.01 
*-.58 1.13. 
*-.74 1.26 

"-1.11 1.58 

0.25 0.25 1.35 1.35 
-13 -13 1.57 1.57 

*c-.11 *c-.11 .eQ .eQ 
*-.25 *-.25 :95 :95 
*t-.46 *t-.46 
*c-.58 *c-.58 ;:g ;:g 
*-.71 *-.71 1.48 1.48 

Sweptback y $&= -0.p) 
(I 

Missile 
center-of-gravity @A 

location, x/c 

0.50 1.24 
.29 1.44 
.13 1.58 

-.lO l-79 
*-.25 1.01 
*c-.44 1.08 

2;; 1.31 1.35 
"-1.11 1.69 

c 

*Denotes locations where missile sting was supported from 
pylon. 
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p/me 

Norma/ force 

Latera/ p/me 

Figure l.- Positive directions of forces, angles, and moments as measured 
on the missile. 



Figure 2.- Gsmetric characteristics of the wing-fuselage Combinatims on which the missile model 
was instal.led. 
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Figure 3.- !!3ree-view c&wing of wing-fuselage with missile model bddLled. All dimensions are 
in inches except where noted. 
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L-90313 
Figure 4.- Photograph (inverted for orientation) of typical tes? setup. 
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Figure 5.- Drawing of the missile mcdel. AU. linear dimensions are Fn inches. 
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Figure 6.- Variation of average Reynolds number with-test Mach number. 
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Figure 7.- Variation of corrected angle of attack with reference angle 
of attack for the wing-fuselage combinations. 
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Figure 8.- Deflection characteristics of thexting-balance combination, 
(angular deflections fn degrees) based on mes&aerodynamic chord of 
the swept wing. 
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Figure 9.- Aerodynamic forces and moments of the isolated missile. 
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Figure lO.- Missile aerodynamic forces and moment?3 in the presence of the 
unswept-an@;-fuselage-pylon combination at various Mach numbers. 
z/E* = -0.13; y/s = -0.50. 
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Figure 10 .- Continued. 
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Figure lo.- Continued. 
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Figure lo.- Contfnued. 
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Figure Lo.- Continued. 
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-Figure lo.- Continued. 
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(h) x/c = -1.11. 

Figure lo.- Concluded. 
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(a) x/c = 0.50. 
Figure ll..- MFssile- aerodynamic forces and moments in th+presence of 

the swept-wfng-f'uselage-pylon combination for various Mach numbers 
and chordwise locations. Z/CA = -0.15; y/; = -0.50. 
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(b) x/c = 0.29. 

Figure Il.- Continued. 
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Figure Ill.- Continued. 
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,Figure IL.- Continued. 
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Figure ll.- Continued. 
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Figure Il.- Concluded. 
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Figure l2.- Missile aerodynamic forces and moments In the presence of 
the modified-delta-wing-fuselage combination. z EA = -0.12; I 

= -0.50. 
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Figure. l2.- Continued. 
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Figure 12.- Continued. 
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Figure 12.- Continued. 
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Figure l2.- Continued. 
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Figure l2.- Continued. 



I-WA RM L57m4 

cm 0 

CN 

4.0 

0 

0 

0 

30 

20 

LO 

0 

40 - 

53 

t 

0 

0 

0 

20 

LO 

-5 0 5 /o 15 20 

0 

0 

n 

0 

0 

.O 

015 

0 

-05 

0.1 

0 

-0.1 
-, 

(i) x/c = -1.11. 

Figure 12.- Concluded. 
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Figure 13.- Missile aerodynamic forces and moments in the presence of the 
modified-delta-wing-fuselage-pylon combination. +A = -0.13; 
y/S = -f.25. 
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Figure 13.- Concluded. 
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Figure lb.- Missile aerodynamic forces and moments in the presence of the 
fuselage alone for various Mach numbers. Y/$ = -0.50 (based on delta- 
wing semispan). 
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Figure 15.- Missile aerodynamic forces and moments--I& the presence of the 
fuselage alone for various Mach numbers. Y/g = -0.25. (based on delta- 
wing semispan). 
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(a) H = 0.60. 

Figure 16.- m%cts of chordwise locbi.on on the mksile forces anti moments in the presence of 
the unswept wing--fuselage-pylon cmabbmtson. z/EA = -o.lg; y/J) c 43.w. 
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Figure 1'7.- Effects of chordwise position on the missile forces and moments in the presence of 
the sweptback-wing-fuselage-pylon combination. y/h m -O*yj Z/t!* = -0.13. 



d 

0 

cr 
W 40 

GlO I.25 

-lo cn 0 

-207 

40 -0.B 46 -a4 -0.2 0 02 0.4 a6 
MisslIe c.g. locotlon, x& 

Atissfia c.g foGo/iOn ,yc 

(b) M = 0.90. 

Figure 17.- Concluded. 
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Figure la.- Effects of chordwise position on the missile forces and moments in the presence of 
the modified-delta-wing-fuselage-pylon combination. Y/E = -0.y); Z/EA = -0.12. 
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(a) M = 0.60; cc = 0'. 

Figure XI.- Eefect of spanwise location on the missile forces and moments in the presence of the 
modified-delta-wing-fuselage-pylon combination. 
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Figure Xl.- Cotilnued. 
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Figure Xl.- Continued. 
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Figure 20. - Concluded. 



l Isolated ml9dl~ 

(8) M a O-60; U = 0’; 

Figure 21.- Comparison of missile forces and moments at the midsemispan location of the modified- 
delta-wing-fuselage-pylon combination with the missile forces and moments in the presence 
of the fuselage alone. z/E* = -0.l2. 
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FQure El.- Continued. 
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Figure 21.- Continuea. 
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(a) M = 0.60; u = O". 

Figure 22.- Comparison of missile forces and moments at the one-quarter semispan location of the 
modified-delta-wing-fuselage-pylon combination with the missile forces and moments In the 
presence of the fuse-e alone. z/Q = -0.13. 
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